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@ Power conversion unit and module for its construction. 



t>4© Power s^Hchlnfelements-(l77-to 6*l2)-are con — 
^nected across a D.C. power supply (25) to provide a 
^three-phase voltage output. A snubber circuit is pro- 
^■vided as a series arrangement of an asymmetrical 
CO voltage element (19 to 24) and a capacitor (13 to 18) 
m connected in parallel with each power switching ele- 
|N ment (and/or across the D.C. power supply). The unit 
Wean be constructed from modules each comprising 
Qthe semiconductor components (e.g. 1,7,19) to which 
the capacitor is connected. The module can be 
fij hermetically sealed in a synthetic resin moulding 
shaped to accommodate the capacitor in an overall 
rectangular parallelepiped shape of the module. 
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POWER CONVERSION UNIT AND MODULE FOR ITS CONSTRUCTION: 



The present invention relates to a power con- 
version unit employing a snubber circuit and to a 
module for use in making such a unit. 

It is well known that a pair of power switching 
transistors, for example, can be connected in series 5 
as self turn-off semiconductor power elements. 
This series arrangement is connected between the 
positive and negative poles of a DC power supply 
to realize power conversion by repeating a cycle of 
alternate ON and OFF states of each of the power 10 
transistors. For three-phase conversion, three 
series-connected pairs of such power transistors 
can be connected in parallel with a DC power 
supply. Examples of the prior art and embodiments 
of the present invention will be described below in 75 
relation to conversion of DC power from this DC 
power supply to 3-phase AC power by means of a 
3-phase inverter. 

In a voltage-source 3-phase inverter formed by 
power transistors, each power transistor is con- 20 
nected in anti-parallel with a free-wheeling diode. 
Here, when a surge voltage, generated by stray 
inductance in a circuit while the power transistor is 
turned OFF (or in the reverse-bias recovery time of 
the free-wheeling diode), the power transistor in 25 
question may be damaged. Moreover, rf the rate of 
increase (dV/dt) of the collector to emitter voltage 
of such power transistor is large while the power 
transistor is turned OFF, the other power transistor 
or control circuit may malfunction. 30 

Accordingly, a snubber circuit is incorporated 
in the 3-phase inv^er in order to avoid such 
malfunction. 1 

Figure 19 is a circuit diagram of a first prior art 
form of power conversion unit employing a snubber 35 
circuit. 

Referring to Figure 19, the unit comprises six 
power transistors 1 to 6 and six free-wheeling di- 
odes 7 to 12. Each of these six power transistors is 
connected in' anti-parallel with, to form a 3-phase 40 
bridge with, the free-wheeling diodes and each 
power transistor is connected in parallel with a 
snubber circuit formed by a series connected ar- 
rangement of a capacitor 13 to 18 and a resistor 33 
to 38. The unit includes a DC power supply 25 and 45 
stray inductance 32. 

Such a snubber circuit formed by resistors and 
capacitors is generally called an R-C snubber cir- 
cuit and the capacitors forming such R-C snubber 
circuit suppress surge voltages generated when the 50 
power transistor connected to this R-C snubber 
circuit turns OFF and also suppress dV/dt of the 
collector to emitter voltage of this power transistor 
through charging of these capacitors and it is effec- 
tive to give a small resistance value to the resistors 



forming the R-C snubber circuit in order to improve 
the suppression of dV/dt 

Figure 20 is a circuit diagram of a second prior 
art form of power conversion unit employing a 
snubber circuit 

Referring to Figure 20, the components 1 to 6, 
7 to 12. 25 and 32 are the same as in the unit 
shown in Figure 19 and have the same function as 
those shown in Figure 19. 

in the second prior art circuit shown in Figure 

20, a snubber circuit (generally called an R-C-D 
snubber circuit) formed by resistor 28, capacitor 30 
and diode 27 is connected between the positive 
and negative poles of the DC power supply 25. The 
capacitor 30 absorbs the energy accumulated in 
the stray inductance 32 of the circuit when the 
power transistor turns OFF to suppress the surge 
voltage. Here, when the resistor 28 and diode 27 of 
the snubber circuit are removed, the surge voltage 
suppression effect can be improved. 

Figure 21 is a circuit diagram of a third prior art 
form of power conversion unit employing a snubber 
circuit 

Referring to Figure 21, in the unit shown, the 
first prior art circuit shown in Figure 19 has been 
combined with the second prior art circuit shown in 
Figure 20. The six transistors forming a 3-phase 
inverter are respectively connected in parallel with 
individual R-C snubber circuits and also connected 
with an R-C-D snubber circuit across the positive 
and negative poles of the power supply. 

Figure 22 is a circuit diagram of a fourth prior 
art form of power conversion unit employing a 
snubber circuit. Here six transistors 1 to 6 form a 
3-phase inverter, as in the circuit shown in Rgure 

21, except in that they are respectively connected 
in parallel with individual R-C-D snubber circuits 
(employing additional diodes 43 to 48) and the R- 
C-D snubber circuit 27-28-30 is still connected 
across the positive and negative poles of the power 
supply. 

In the prior art circuits described above, if the 
diode and/or resistor connected in series with the 
capacitor forming the snubber circuit is/are re- 
moved to leave a snubber circuit comprising only 
the capacitor then, when the power transistor turns 
OFF, a resonance phenomenon is generated by 
the capacitor and the stray inductance 32 of circuit. 
Since this phenomenon causes inconvenience such 
as generation of noise and increase of duty of 
power transistor, a resistor must be connected in 
series with the capacitor from the necessity of 
suppressing the resonance. 

The R-C snubber circuits or R-C-D snubber 
circuits described above have various disadvan- 
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tages as described below. 

In the R-C-D snubber circuits the disadvan- 
tages are:- 

1. the resistor has to be large in size to 
enable the charges in the capacitor to be dis- 
charged through the resistor; 

2. the control circuit may malfunction due to 
a high dV/dt generated when the diode of the 
snubber circuit recovers under reverse bias; and 

3. the number of components has increased 
undesirably because the snubber circuit is com- 
plicated in structure. 

In the R-C snubber circuit the disadvantages 

are:- 

1. energy loss becomes large since the ca- 
pacitor is charged or discharged through the resis- 
tor and 

2. the resistor has to be large in size. 

In addition, these snubber circuits provide the 
further disadvantages that each connection of the 
elements forming the snubber circuits to respective 
semiconductor power conversion elements not only 
results in troublesome work in the connecting pro- 
cedures but also causes a large wiring inductance 
between the semiconductor power conversion ele- 
ment and the snubber circuit and/or a large wiring 
inductance between the semiconductor power con- 
version elements, and also results in an increase in 
the number of components of the snubber circuits 
and obstruction of management procedures and 
reduction in size of unit 

It is therefore an object of the present invention 
to realize reduction in the number of components 
and in energy loss through provision of a simplified 
structure of the snubber circuit connected to the 
semiconductor power conversion element and also 
a reduction in' size of the power conversion unit 
using such a snubber circuit and a reduction in 
wiring inductance through integration of the semi- 
conductor power conversion element and snubber 
circuit 

According to this invention there is provided a 
power-conversion unit employing a snubber circuit 
and comprising a plurality of semiconductor power 
switching elements connected across means for 
supplying electric power, the snubber circuit com- 
prising at least one series-connected arrangement 
of an asymmetrical voltage element having dif- 
ferent voltage drops in respective opposite direc- 
tions of conduction, and a capacitor, said one or 
more series arrangements being connected across 
said power supplying means and/or in parallel with 
each said semiconductor power switching element. 

Preferably said asymmetrical voltage element 
comprises a zener diode. In a particular embodi- 
ment, said asymmetrical voltage element is a semi- 
conductor element, said module comprising a 
semiconductor power switching element connected 



to a semiconductor asymmetrical voltage element, 
a conductive base to which is secured an elec- 
trically insulating substrate, a conductive pattern 
being formed on the substrate and having conduc- 

5 tive electrical connection to one side of the main 
current path of the power switching element and to 
the same polarity side of the asymmetrical voltage 
element, the other side of the asymmetrical voltage 
element being connected to a first electrode moun- 

io ted on the substrate and insulated from the con- 
ductive pattern, the other side of the main current 
path of the power switching element being con- 
nected to a second electrode mounted on the 
substrate and insulated from the conductive pat- 

75 tern, a capacitor of the snubber circuit being con- 
nected between the first and second electrodes. 

It may be provided that said power-switching 
element and said asymmetrical voltage element are 
hermetically sealed in a synthetic resin moulding 

20 whose surface carries terminals of the semiconduc- 
tor components for external connection, the mould- 
ing being shaped to accommodate said capacitor 
such that the moulding and capacitor combination 
does not project beyond a fiat connection surface 

25 of the module carrying terminals for external con- 
nection to an adjacent module. 

It may be that the moulding has a comer cut- 
away portion for accommodating the capacitor ad- 
jacent terminals for connection to the capacitor. 

30 Alternatively the moulding may have a central 
recess between power supply terminals for the 
power switching element, said central recess serv- 
ing to accommodate said capacitor. 

Embodiments of this invention will now be de- 

35 scribed, by way of example, with reference to the 
accompanying drawings, in which:- 

Figure 1 is a circuit diagram of part of a 
power conversion unit employing a snubber circuit 
in a first embodiment of the present invention; 

40 Figure 2 is a circuit diagram of a sub-unit 

comprising one of the semiconductor power con- 
version elements together with one arm of a snub- 
ber circuit of the unit shown in Figure 1; 

Figure 3 and Figure 4 are waveform dia-' 

45 grams illustrating the operation of the sub-unit 
shown in Figure 2; 

Figure 5 is a circuit diagram of part of a 
power conversion unit employing a snubber circuit 
in a second embodiment of the present invention; 

so Figure 6 is a circuit diagram of a single 

phase section of the unit shown in Figure 5; 

Figure 7 is a circuit diagram of part of a 
power conversion unit employing a snubber circuit 
in a third embodiment of the present invention; 

55 Figure 8 is a representative circuit diagram 

of a single phase section of the unit shown in 
Figure 7; 

Figure 9 is a circuit diagram of part of a 
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power conversion unit employing a snubber circuit 
in a fourth embodiment of the present invention; 

Figure 10 is a perspective view of the struc- 
ture of a sub-unit module used in constructing a 
unit as shown in Figure 1 ; s 

Figure 11 is a circuit diagram of a sub-unit 
module formed only using semiconductor ele- 
ments; 

Figure 12 is a perspective external view of a 
first form of the sub-unit module shown in Figure 10 
11 constructed using conventional technology; 

Figures 13a and 13b are plan and side views 
in an assembly diagram for a single phase section 
of a power conversion unit using the sub-unit mod- 
ule constructed as shown in Figure 12; 75 

Figure 14 is a perspective external view of a 
second form of sub-unit module embodying the 
present invention; 

Figures 15a and 15b are plan and side views 
in an assembly diagram for a single phase section 20 
of a power conversion unit using the sub-unit mod- 
ule shown in Figure 14; 

Figure 16 is a perspective external view of a 
third form of sub-unit module embodying the 
present invention; 25 

Figure 17 is a circuit diagram of a single 
phase inverter embodying the present invention; 

Figure 18 is an assembly diagram for the 
single phase inverter shown in Figure 17 using 
sub-unit modules each as shown in Figure 16; and 30 

Figures 19 to 22 are respective circuit dia- 
grams of first to fourth prior art forms of power 
conversion unit each employing a snubber circuit 

Referring to Figure 1, the power conversion 
unit shown has six power transistors 1 to 6 acting 35 
as self turn-off semiconductor power elements, six 
free-wheeling diodes 7 to 12 and a DC power 
supply 25 similar to those shown in Figure 19. 

However, in this first embodiment the power 
conversion unit includes a snubber circuit compris- 40 
ing six reference zener diodes 19 to 24 respec- 
tively in series with six capacitors 13 to 18, each 
series-connected set of zener diode and capacitor 
being connected in parallel with a respective one of 
the six power transistors 1 to 6. 45 

Figure 2 is a circuit diagram of a sub-unit of 
the unit shown in Figure 1 and comprising a semi- 
conductor power conversion element 1,7 in parallel 
with one arm 13,19 of the snubber circuit 

In the circuit shown in Figure 2, a series circuit 50 
of the reference zener diode 19 acting as a voltage 
drop asymmetrical element and the capacitor 13 is 
connected to the power transistor 1 and free-wheel- 
ing diode 7. In this case the zener voltage of the 
diode 19 is set to a value lower than the voltage of ss 
DC power supply 25. 

A surge voltage generated when the power 
transistor 1 turns OFF is absorbed by the capacitor 



13 through the zener diode 19. When the capaci- 
tance of capacitor 13 is assumed as C and the 
current flowing through the capacitor 13 as l s , since 
the voltage drop across the zener diode 19 due to 
the current 1$ can be neglected, the value of dV/dt 
applied to the power transistor 1 becomes \JC and 
so dV/dt can be suppressed so that the load on the 
power transistor 1 during turn-off can be alleviated. 

Figure 3 and Figure 4 are waveforms illustrat- 
ing the operation of the sub-unit shown in Figure 2. 
Figure 3 relates to the collector current l c of the 
power transistor 1 and to the collector-to-emitter 
voltage and Figure 4 to the current l s flowing 
into the capacitor 13. 

Referring to Figures 3 and 4, when the power 
transistor 1 turns OFF and the collector-to-emitter 
voltage Vqe rises to the voltage value of the DC 
power source 25 (point A in Figure 3), resonance 
with the capacitor 13 starts with a current flowing 
due to the stray inductance 26 of the circuit so that 
a resonance current flows into the snubber circuit 
For the polarity of resonance current where the 
zener voltage of the zener diode 19 is generated, 
this diode 19 consumes energy so that the reso- 
nance phenomenon can be damped within a com- 
paratively short period. As a result the duty of the 
capacitor 13 can be reduced. 

The energy loss provided by means of the 
diode 19 is converted to heat and since the diode 
19 is a semiconductor, it can be cooled more 
easily than a resistor. 

In Figure 5 there is shown a second embodi- 
ment of power conversion unit in which a series- 
connected arrangement of zener diode 29 as 
asymmetrical voltage element and capacitor 30 is 
connected between the positive and negative poles 
of a 3-phase inverter formed by six power transis- 
tors 1 to 6 and six free-wheeling diodes 7 to 12. 
The zener voltage of the zener diode 29 is set to a 
value lower than the voltage value of DC power 
supply 25. 

Figure 6 is a circuit diagram of a single phase 
section of the power conversion unit shown in 
Figure 5 comprising semiconductor power conver- 
sion elements 1,7 and 4,10 and snubber circuit 
29,30. 

Since the snubber circuit formed by the series- 
connected zener diode 29 and capacitor 30 is 
connected between the external terminals of a 
series-connected arrangement of the power transis- 
tors 1 and 4, an increasing rate of collector-to- 
emitter voltage cannot be suppressed unlike the 
first embodiment described above but a surge volt- 
age generated when the power transistor 1 or 4 
turns OFF may be absorbed by the zener diode 29 
through the capacitor 30. Therefore the power tran- 
sistor which turns OFF can be protected from 
breakdown due to the surge voltage. 
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Like the first embodiment, the snubber circuit 
of the second embodiment gives rise to a reso- 
nance phenomenon due to stray inductance 31 and 
capacitor 30 but such a resonance phenomenon 
can also be damped within a comparatively short 
period as with the first embodiment due to the 
effect of the zener diode 29. 

Referring to Figure 7, as in the first embodi- 
ment, a series arrangement of zener diode and 
capacitor is connected in parallel, with each sub- 
unit of the 3-phase inverter formed by the six 
power transistors 1 to 6 and six free-wheeling di- 
odes 7 to 12 and an R-C-D snubber circuit formed 
by diode 27, resistor 28 and capacitor 30 is con- 
nected between the positive and negative poles of 

the power supply. 

In Rgure 8, the operation of the snubber circuit 
formed by the zener diode-capacitor arrangements 
respectively connected in parallel with the power 
transistors 1 and 4 are same as for the first em- 
bodiment shown in Figure 1. 

For example, when the power transistor 1 turns 
OFF and its collector-to-emitter voltage rises to 
exceed the voltage of the DC power supply 25, the 
R-C-D snubber circuit formed by the diode 27, 
resistor 28 and capacitor 30 protects the power 
transistor 1 from breakdown through the operation 
that the diode 27 turns ON and the capacitor 30 
absorbs the surge voltage generated by the stray 
inductance 29. 

Moreover, since the excessive charge gener- 
ated by the surge voltage and accumulated in the 
capacitor 30 after the power transistor 1 turns OFF, 
is discharged through the resistor 28. the reso- 
nance of the capacitor 30 and stray inductance 29 
can be prevented by selecting an appropriate resis- 
tance value of the resistor 28. 

Referring to Figure 9, the power conversion 
unit shown in the fourth embodiment combines the 
first embodiment shown in Figures 1 and 2 with the 
second embodiment shown in .Figures 5 and 6. 

Referring to Rgure 10. there is shown an actual 
construction of the first embodiment of sub-unit 
module (as shown in Figure 2). 

A ceramics substrate 51 which exhibits ex- 
cellent heat conductivity is bonded as an insulated 
substrate on to a conductive base in the form of a 
copper plate 50. A conductive pattern circuit in the 
form of a copper pattern 52 is machined on the 
substrate 51 in the desired shape. A first electrode 
53, a second electrode 54 and a base terminal 56 
are separately secured to the ceramics substrate 
51 so that these electrodes are electrically in- 
sulated from each other. 

Since the collector of the power transistor 1, 
the cathode of free-wheeling diode 7 and the an- 
ode of the zener diode 19 are intimately attached 
to the copper pattern 52, these are electrically at 



the same potential. 

With such an arrangement heat generated by 
the power transistor 1, free-wheeling diode 7 and 
zener diode 19 is transmitted to the copper base 

5 50 through the ceramics substrate 51. Thus, losses 
generated as heat in these semiconductor ele- 
ments are quickly and effectively removed by cool- 
ing this copper base 50. 

Each semiconductor power element, e.g. 1,7,19 

w described above and its associated capacitor, e.g. 
13, can be arranged in three dimensions and the 
module structure can be made small by connecting 
one electrode of the capacitor 13 to the first elec- 
trode 53, and the other electrode of the capacitor 

75 13 to the second electrode 54 and supporting this 
capacitor 13 by means of the first and second 
electrodes 53 and 54. 

The circuit of the sub-unit shown in Rgure 2 
can be completed by connecting, using wires, be- 

20 tween semiconductor elements on the copper pat- 
tern 52 and the electrodes and terminals on the 
ceramics substrate 51, namely between the cath- 
ode of the zener diode 19 and the first electrode 
53, between the emitter of the power transistor 1 

25 and the second electrode 54, between the anode of 
the free-wheeling diode 7 and the second electrode 
54 and between the base of the power transistor 1 
and the base terminal 56. 

This module can be connected externally to- 

30 gether with the base terminal 56rby connecting 
collector terminal 55 on the copper pattern 52 and 
using the second electrode 54 as the emitter termi- 
nal. 

In Figure 10, only the module for one sub-unit 
35 is shown as being mounted on the copper plate 50 
but in practice, the modules for a number of sub- 
units can of course be mounted on the base plate 
50. 

In the first embodiment of module as shown in 
40 Figure 10, the capacitor 13 of the snubber circuit is 
included. Since this capacitor 13 is large in com- 
parison with the other components and the compo- 
nents other than this capacitor 13 are all semicon- 
ductor components, it is better to form the module 
45 only from these semiconductor components from 
the- viewpoint of the cooling process. 

Rgure 11 is a circuit diagram of a sub-unit 
module comprising only semiconductor compo- 
nents, the capacitor 13 having been omitted corn- 
so pared with the circuit shown in Rgure 2. In the 
case of such a circuit structure, emitter terminal 64, 
collector terminal 65. base terminal 66 and snubber 
circuit terminal 67 are provided. 

In Rgure 12. the power transistor 1 , free-wheel- 
55 ing diode 7. connected in anti-parallel with this 
power transistor, and the reference zener diode 19 
having its anode electrode connected to the collec- 
tor electrode of the power transistor 1 are hermeti- 
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cally sealed in a moulded synthetic resin block to 
form a module 60. The surface of this module 60 is 
provided with emitter terminal 64 (E), collector ter- 
minal 65 (C), base terminal 66 (B) and snubber 
circuit terminal 67 (K) for connecting external lines. 

As shown in Figures 31a and 13b, the power 
conversion unit is formed by mutually connecting 
the collector terminals of three positive-side mod- 
ules 60P using a positive-side copper bar 62P and 
by mutually connecting the emitter terminals of 
three negative-side modules 60N using negative- 
side copper bar 62N. 

The six modules 60P and 60N are mounted on 
common cooling body 61 and the emitter terminals 
of the modules 60P are connected to the respec- 
tive collector terminal of the modules 60N by 
means of a copper connecting bar 63. In this case, 
the copper connecting bar 63 must be formed in a 
U-shape in order to provide mounting space for 
each snubber capacitor 68P attached to respective 
module 60P. The copper connecting bar 63 thus 
requires excessive material resulting in the dis- 
advantage that not only the size and weight of the 
unit is increased, but the wiring inductance is also 
increased. 

A second construction is shown in Figure 14 in 
which a module 70 is hermetically sealed by 
moulding in synthetic resin a sub-unit as shown in 
Figure 11, namely the circuit formed by the power 
transistor 1, free-wheeling diode 7 and zener diode 
19. This module 70 is also provided like the mod- 
ule shown in Figure 12 with emitter terminal 64, 
collector terminal 65, base terminal 66 and snubber 
circuit terminal 67. 

However, in the module 70 shown in Figure 14, 
a cut-away portion is provided and the snubber 
capacitor 78 can be accommodated within this cut- 
away portion 71. 

As shown in Figures 15a and 15b, the collector 
terminals of three positive-side modules 70P are 
connected together with a positive-side copper bar 
62P and the emitter terminals of three negative- 
side modules 70N are connected together with 
negative-side copper bar 62N. 

These six modules are mounted on the cooling 
body 61 and the positive-side modules and 
negative-side modules together in pairs by means 
of connecting copper bar 73. Since the snubber 
capacitor 78 is completely accommodated in the 
cut-away portion 71 provided in the module 70, it is 
no longer necessary to make the copper connect- 
ing bar 73 U-shaped. 

The embodiment shown in Figure 16 again 
comprises a sub-unit as shown in Figure 11, name- 
ly, a circuit formed by the power transistor 1 , free- 
wheeling diode 7 and the zener diode 19 within a 
synthetic resin moulding to form module 80 with a 
rectangular parallelepiped shape. This rectangular 



parallelepiped module unit 80 has a central re- 
cessed portion 81 providing the snubber circuit 
terminal 67. The emitter terminal 64 and collector 
terminal 65 are provided on respective sides of the 
s recessed portion 81. (The base terminal is not 
shown nor described because it is not related nec- 
essary for an understanding of this embodiment). 

Figure 17 is a circuit diagram of a single phase 
inverter wherein four modules 80U. 80V, 80X, 80Y, 
70 each as shown in Figure 16, are connected by 
means of single phase bridges and the respective 
modules are provided with snubber capacitors. 

Figure 18 is an assembly diagram of the single 
phase inverter shown in Rgure 17. 
;s As shown in Rgure 18, the collector terminals 
of the two modules 80U and 80V are inter-con- 
nected by means of positive-side copper bar 82P 
and the emitter terminals of the two modules 80X 
and 80Y are inter-connected by means of negative- 

20 side copper bar 82N and connection between the 
modules SOU and SOX is made by means of cop- 
per connecting bar 83R, while connection between 
the modules 80V and 80Y is made by means of 
copper connecting bar 83S, to form the single 

25 phase inverter. 

In this case, since snubber capacitors 
13.14,16,17 mounted on the modules are accom- 
modated in the recessed portions 81 of the respec- 
tive modules, there is no undesirable projection 

30 from the single phase inverter and the unit as a 
whole may be formed small in size. 

The embodiments described above use a sim- 
ple junction power transistor as the basic semicon- 
ductor power component but it is obvious that such 

35 embodiments may also be applied to the case 
where the power transistor is replaced with some 
other self turn-off semiconductor power element 
for example, an insulated gate bipolar transistor or 
field effect transistor. 

40 In the embodiments described above, since 
resonance currents can quickly be attenuated by 
means of the snubber circuit, formed by connect- 
ing an asymmetrical voltage element such as a 
zener diode in series with a capacitor, the capaci- 

45 tance of the capacitors in the snubber circuit can 
be kept low and energy loss can also be alleviated 
by omitting the resistor from the snubber circuit In 
addition, elimination of the resistor from the snub- 
ber circuit provides various beneficial effects such 

50 as a reduction in the number of components and 
simplification and reduction in size of the unit. The 
sub-unit module can be formed small in size and it 
may be used as a single unitary component since 
the semiconductor power element, free-wheeling 

55 diode and zener diode are mounted on the conduc- 
tive pattern to radiate heat generated in the semi- 
conductor elements to the outside. Thus assembly, 
wiring and component management procedures are 
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avoided. 

Moreover, since a space for accommodating 
the snubber capacitor is provided in the module as 
a cut-away portion or as a recess at the time of 
forming the module in a hermetically sealed mould- 5 
ing, the snubber capacitor does not interfere with 
the wiring during assembly of the power conversion 
unit using such modules. Thus straight wiring can 
be achieved and various beneficial effects such as 
saving of wiring material, reduction of wiring indue- 10 
tance, reduction in size and weight of the unit can 
also be attained. 

it will be clear that the embodiments described 
above can be modified in polarities by appropriate 
selection of and orientation of the various semicon- 75 
ductor components. 



Claims 

1. A power-conversion unit employing a snub- 
ber circuit and comprising a plurality of semicon- 
ductor power switching elements connected across 
means for supplying electric power, the snubber 
circuit comprising at least one series-connected 2s 
arrangement of an asymmetrical voltage element 
having different voltage drops in respective op- 
posite directions of conduct ion, and a capacitor, 
said one or more series arrangements being con- 
nected across said power supplying means and/or 30 
in parallel with each said semiconductor power 
switching element. 

2. A power conversion unit according to Claim 
1, wherein said asymmetrical voltage element com- 
prises a zener diode. 35 

3. A module for making a power conversion 
unit according to Claim 1 or Claim 2, wherein said 
asymmetrical voltage element is a semiconductor 
element, said module comprising a semiconductor 
power switching element connected to a semicon- 40 
ductor asymmetrical voltage element, a conductive 
base to which is secured an electrically insulating 
substrate, a conductive pattern being formed on 

the substrate and having conductive electrical con* 
nection to one side of the main current path of the 45 
power switching element and to the same polarity 
side of the asymmetrical voltage element, the other 
side of the asymmetrical voltage element being 
connected to a first electrode mounted on the 
substrate and insulated from the conductive pat- so 
tern, the other side of the main current path of the 
power switching element being connected to a 
second electrode mounted on the substrate and 
insulated from the conductive pattern, a capacitor 
of the snubber circuit being connected between the 55 
first and second electrodes. 

4. A semiconductor module according to any- 
one of the preceding Claims, wherein said power- 
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switching element and said asymmetrical voltage 
element are hermetically sealed in a synthetic resin 
moulding whose surface carries terminals of the 
semiconductor components for external connection, 
the moulding being shaped to accommodate said 
capacitor such that the moulding and capacitor 
combination does not project beyond a flat connec- 
tion surface of the module carrying terminals for 
external connection to an adjacent module. 

5. A module according to Claim 4, wherein the 
moulding has a comer cut-away portion for accom- 
modating the capacitor adjacent terminals for con- 
nection to the capacitor. 

6. A module according to Claim 4, wherein the 
mould has a central recess between power supply 
terminals for the power switching element said 
central recess serving to accommodate said ca- 
pacitor. 
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